Background: Lipofilling for breast reconstruction has become increasingly common. Creation of a well-defined inframammary fold (IMF) is integral to achieving symmetrical aesthetic results. This has traditionally been done under direct vision through an open incision. Objectives: The authors present their experience in reconstructive breast surgery with a novel percutaneous technique for IMF creation and improvement of projection without the need for large incisions. Methods: From June 2011 to January 2015, 180 patients underwent a percutaneous purse-string suture (PPSS) to enhance their IMF and improve breast projection. After completion of lipofilling, a curved cannula is tunneled subcutaneously. The suture is placed into the cannula and passed around the circumference of the breast footprint. After the completion of two passes in different anatomic levels around the footprint, the suture is tightened at the breast's tail zone to achieve the desired IMF definition and breast projection. Surgical technique, results, and follow up are presented. Results: The PPSS technique was combined either with lipofilling only or as part of flap breast reconstruction in 30 and 150 patients, respectively. The average follow-up time was 34 months (range, 11-48 months). PPSS was redone in 25 patients to further improve breast projection. One patient complained of postoperative pain. No other PPSS-related complication was reported. Conclusions: PPSS is an innovative technique designed to complement the emerging field of lipofilling for breast reconstruction. The technique is safe, easily reproduced, and provides excellent results. Breast IMF and projection are immediately improved without the need for open incisions.
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Lipofilling for breast reconstruction has become increasingly common. Fat is harvested from an area of abundance on the body and transferred to the chest to reconstruct mastectomy or lumpectomy defects. It may be incorporated with other reconstructive techniques or utilized as the sole method for reconstruction. [1] [2] [3] [4] [5] As with other breast reconstruction techniques, creation of a well-defined inframammary fold (IMF) is integral to achieving symmetrical and aesthetic results. Various techniques have been suggested to improve the position and definition of the IMF. 6, 7 IMF reconstruction has traditionally been done under direct vision through an open incision. 8 However, with lipofilling, there is no need for a large incision. For this reason, surgeons have been looking for alternative percutaneous methods to reconstruct the IMF. 9 , 10 We present a novel method of percutaneous IMF reconstruction and enhancement of breast projection. The advantages include: (1) creation of a well-defined IMF; (2) improved breast projection; and (3) avoidance of large external incisions.
METHODS
This study was approved by the Institutional Review Board of the University of Brussels and was conducted in accordance with the guiding principles of the Declaration of Helsinki.
Indications
Between June 2011 and January 2015, all patients who underwent lipofilling for breast reconstruction-either by pure fat grafting or as an adjunct to flap reconstruction to add more volume, better IMF definition, and/or enhanced breast projection-and who underwent percutaneous purse-string suture (PPSS), were included in this study. Active smokers were instructed to quit smoking for at least 1 month before and after flap reconstruction and/or fat grafting sessions.
PPSS was also utilized in an additional variety of breast surgical procedures such as mastopexy and breast reduction to enhance the IMF and projection, but these patients were excluded from this study to guarantee a more homogeneous patient population.
Patient satisfaction was measured through a physician interview at the follow-up visit (final interview 1 year after the last procedure). This information was then obtained through the analysis of patients' charts.
Materials
The following equipment was utilized: (1) a 10 mL LuerLok syringe; (2) a 2.0 polydioxanone suture (PDS) suture (Ethicon, Sommerville, NJ) with the needle removed; (3) normal saline; (4) a 19-gauge needle (Becton Dickinson S.A., Fraga, Spain); (5) a 15 = blade scalpel (SwannMorton Ltd., Sheffield, England); and (6) lipofilling cannulae.
Surgical Technique
The patients were positioned supine with the arms tucked at the sides, because abduction of the arms may distort the breast appearance. The creation of the IMF was performed after the completion of lipofilling and rigotomies. 10 During the procedure, the 2.0 PDS suture was passed around the circumference of the breast footprint.
We determined the footprint of the breast on an individual basis depending on the patient's anatomical landmarks. If necessary, and if shape is not well achieved through the fat grafting itself, this technique can easily be utilized to also recruit surrounding tissues.
Stab incisions were made with a 19-gauge needle or 15 blade-scalpel. The starting point was in the axillary region. This allowed for the suture knot to be camouflaged. The lipofilling cannula was passed in through one incision, tunneled subcutaneously, and exited out the next incision. Two to three different size lipofilling cannulae were utilized, ranging from 7 to 20 cm in length. Normal saline was utilized to flush the cannula free of any tissue. The suture was placed through the cannula in a retrograde fashion. The cannula was withdrawn and the suture thus tunneled subcutaneously.
During the first set of passes, the suture was placed superficially. It passed under the deep dermis along the IMF, and it passed just superficial to the pectoral muscle along the upper pole of the breast. During the second set of passes, the suture was placed in a deeper plane. It passed along the deep subcutaneous tissues along the lateral side of the breast and the IMF, and it passed deep to the pectoralis major muscle along the superior pole of the breast. After the completion of two passes around the breast circumference, the suture was tightened to achieve the desired IMF definition and breast projection. The suture was tied with the ends buried in the deep tissues under the lateral edge of the pectoralis major toward the axilla. If further fat grafting or rigottomies are required, they can be done at this stage. The small stab incisions were closed utilizing 5-0 nylon and dressed with Tegaderm (3M Health Care, St. Paul, MN), and Microfoam (3M Health Care) tape was placed to support the new breast shape.
Two videos demonstrating the technique (one animated and one operative video) are available online as Supplementary Material at www.aestheticsurgeryjournal.com.
Postoperative Care
Patients wear a supportive bra without underwire for six weeks after the procedure. They are advised to refrain from abducting their arms past 90 degrees for 3 to 4 weeks after surgery.
RESULTS
Within the study period, 180 patients underwent PPSS IMF creation by the senior author (M.H.) as part of their breast reconstruction following breast cancer treatment. The PPSS technique was either utilized for fat-grafted flap reconstruction (Figure 1 ) or in combination with fat grafting only for partial or total breast reconstruction ( Figure 2 ) in 150 and 30 patients, respectively. The average age of the patients was 56 years (range, 28-68 years). The patient characteristics are summarized in Table 1 . The average follow-up time was 34 months (range, 11-48 months). Depending on the result and satisfaction of the patient, fat grafting was repeated once or several times (range, 1-4 sessions). Not surprisingly, fat grafting was required less often when added after flap surgery, as compared with total breast reconstruction with fat grafting only (1.5 vs 4 sessions). However, the PPSS had to be redone in 25 patients only (14%).
The longest follow up was 48 months and showed results outlasting the longevity of the stich ( Figure 2I ). We have not had any major complications. We often observe irregular dimpling from the suture thread, but the suture thread loosens with time after the resorption process is initiated and dimpling disappears, giving way to aesthetically pleasing results. When specifically asked, some patients experienced a feeling of tissue tension, which subsided within the first week postoperatively. One patient complained of discomfort until 3 weeks after surgery, which was improved by physiotherapy and eventually subsided. However, we inform patients preoperatively of the potential risks of suture infection, suture failure, and a theoretical possibility of pneumothorax.
DISCUSSION
The PPSS is utilized to change/recreate an IMF by acting as an internal underwire and supporting the breast in the desired position. In addition, the PPSS increases breast projection by reducing the breast footprint. The amount of increased projection is adjustable. Other than Khouri et al, 11, 12 who recently presented an intradermal purse-string suture to resuspend abdominally recruited tissue below the IMF, our technique aims to condense the grafted fat volume through footprint reduction, while simultaneously redefining the IMF. Khouri's concept is also different, because intense liposuction of the to-be-recruited abdominal tissue needs to be done first, with the aim of skin recruitment, rather than tightening of the existing layers through breast footprint reduction.
Our suture technique is percutaneous. The first pass circles the breast's footprint in a subcutaneous fashion (subdermal), whereas the second round passes deeper than the superficial fascia within the deeper breast skin inferiorly and deep to the pectoralis major muscle superiorly. Because the risk of going too deep and inadvertently causing a pneumothorax does exist, the curved cannula's tip has to be kept parallel to the thoracic wall and then curved upward when approaching the "exit incision" (see the accompanying operative video).
We have not encountered any major complications so far. The needle technique as described by Khouri et al 12, 13 is elegant and maybe a bit faster; however, in his recent publication, five pneumothoraxes were described. 12 This might be an indicator that the needle technique could be more difficult to handle and due to its sharpness potentially be less predictable and safe in unexperienced hands. However, it certainly remains an elegant technique to recruit abdominal tissue from below the IMF.
We have demonstrated a percutaneous technique for IMF creation and breast projection to complement lipofilling. Initially, the PDS suture creates the new IMF. Over time, the suture degrades and the IMF and/or breast projection is thought to be maintained by scar tissue replacing the actual suture. Fat grafting alone often fails to provide projection in breast reconstruction because of the lack of ligaments that hold the added volume. Skin pressure on the grafted tissue can even flatten the breast mound further ( Figure 2D ). Adding the PPSS helps to sculpt the added volume and might even reduce tension on the skin. The 2.0 PDS suture takes up to 6 months to be reabsorbed and additionally, the passing of the cannula leaves a distinct "tunnel," which then forms into a scar, warranting the longevity of the resulting effect. The authors believe that this internal scar might be the basis for our long-lasting results. This hypothesis could ultimately only be confirmed by tissue biopsies of the affected tissue, or by MRI analysis to visualize the internal scar, both of which could be interesting adjuncts to further studies in this field.
The procedure is relatively simple to perform and does not require specialized additional equipment, other than lipofilling instruments. It provides improved IMF definition and breast projection. Also, this procedure can be repeated if more than one session of lipofilling is planned.
The limitations of our study include the absence of a standardized patient outcome measurement tools such as the BREAST-Q. 13 Potential bias is introduced by conducting in-person interviews to establish patient satisfaction, rather than an anonymous validated survey. Also, the longevity of the results is difficult to prove without a morphometric or histological outcome measurement.
CONCLUSION
This PPSS technique is an innovation that is designed to complement the emerging field of lipofilling for breast reconstruction. The technique is safe, easily reproduced, and provides excellent results. Breast IMF and projection are immediately improved without the need for external incisions and resultant scars.
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